The light flavour baryons are studied within the quark model using the hyper central description of the three-body system. The confinement potential is assumed as hypercentral coulomb plus power potential (hCP P ν ) with power index ν. The masses and magnetic moments of light flavour baryons are computed for different power index, ν starting from 0.5 to 1.5. The predicted masses and magnetic moments are found to attain a saturated value with respect to variation in ν beyond the power index ν > 1.0. Further we computed transition magnetic moments and radiative decay width of light flavour baryons. The results are in good agreement with known experimental as well as other theoretical models.
Introduction
Baryons are not only the interesting systems to study the quark dynamics and their properties but are also interesting from the point of view of simple systems to study three body interactions. In the last two decades, there has been great advancement in the study of baryon properties. The ground state masses and magnetic moments of many low lying baryons have been measured experimentally. The magnetic moments of all octet baryons (J P = 1 2 + ) are known accurately except for Σ 0 which has a life time too short. For the decuplet baryons (J P = 3 2 + ), the experimental measurements are poor as they have very short life times due to available strong interaction decay channels. The Ω − is an exception as it is composed of three s quarks which decays via weak interaction causing longer life time for it [1] . The ∆ particles are produced in scattering the pion, photon, or electron beams off a nucleon target. High precision measurements of the N → ∆ transition by means of electromagnetic probes became possible with the advent of the new generation of electron beam facilities such as LEGS, BATES, ELSA, MAMI, and those at the Jefferson Lab. Many such experimental programs devoted to the study of electromagnetic properties of the ∆ have been reported in the past few years [2, 3, 4] . The electromagnetic transition of ∆ → Nγ have been the subject of intense study [5, 6, 7, 8, 9, 10] . The experimental information provides new incentives for theoretical study of these observables.
Theoretically, there exist serious discrepancies between the quark model and experimental results particularly in the predictions of their magnetic moments [11, 12, 13] . Prediction of transition magnetic moments between the decuplet to octet ( is as important as the prediction of the masses and magnetic moments of the baryons (octet and decuplet) for testing of any model hypothesis and understanding the dynamics of quarks and meaning of the constituent mass of the quarks in the hadronic scale. Various attempts including lattice QCD (Latt) [14, 15, 16] , chiral perturbation theory (χPT) [17, 18, 19, 20, 21] , relativistic quark model (RQM) [22, 23] , non relativistic quark model (NRQM) [24] , QCD sum rules (QCDSR) [12, 13, 25, 26] , chiral quark soliton model (χQSM) [27, 28] , chiral constituent quark model (χCQM) [29] , chiral bag model (χB) [30] , cloudy bag model [31] , quenched lattice gauge theory [32] etc., have been tried, but with partial success.
The importance of three body interaction in the description of baryon was felt in many cases. In this context it is found that the six dimensional hyper central model with coulomb plus power potential (hCP P ν ) is successful in predicting the masses and magnetic moments of heavy flavour baryons (baryon containing charm or beauty quarks) [33, 34] . Unlike in the case of many other potential models, in the hCP P ν model, the confinement potential expressed in terms of the three body hyper spherical co-ordinate is able to account for the three body effects. Accordingly, in this paper we extend the hCP P ν model in the light flavour baryonic sector to compute the masses, magnetic moments of octet and decuplet baryons. We also study the electromagnetic transition and radiative decay width of those baryons. In section 2 the hypercentral scheme and a brief introduction of hCP P ν potential employed for the present study are described. Section 3 describes the computational details of the magnetic moments of octet and decuplet baryons and the 3 2 + → 1 2 + transition magnetic moments. Section 4 describes the radiative decay widths for those transition. In section 5, we discuss our results while comparing with other theoretical predictions and experimental results and draw important conclusions.
Hyper Central Scheme for Baryons
Quark model description of baryons is a simple three body system of interest. Generally the phenomenological interactions among the three quarks are studied using the twobody quark potentials such as the Isgur Karl Model [35] , the Capstick and Isgur relativistic model [36, 37] , the Chiral quark model [38] , the Harmonic Oscillator model [39, 40] etc. The three-body effects are incorporated in such models through two-body and three-body spin-orbit terms [33, 41] . The Jacobi Co-ordinates to describe baryon as a bound state of three different constituent quarks is given by [42] 
Such that
Here m 1 , m 2 and m 3 are the constituent quark mass parameters.
In the hypercentral model, we introduce the hyper spherical coordinates which are given by the angles
together with the hyper radius, x and hyper angle ξ respectively as,
The model Hamiltonian for baryons can now be expressed as
Here the potential V (x) is not purely a two body interaction but it contains three-body effects also. The three body effects are desirable in the study of hadrons since the nonabelian nature of QCD leads to gluon-gluon couplings which produce three-body forces [43] . Using hyperspherical coordinates, the kinetic energy operator
of the three-body system can be written as
Where L 2 (Ω ρ , Ω λ , ξ) is the quadratic Casimir operator of the six dimensional rotational group O(6) and its eigen functions are the hyperspherical harmonics,
Here γ is the grand angular quantum number and it is given by γ = 2ν + l ρ + l λ , and ν = 0, 1, ... and l ρ and l λ being the angular momenta associated with the ρ and λ variables.
If the interaction potential is hyper spherical such that the potential depends only on the hyper radius x, then the hyper radial schrodinger equation corresponds to the hamiltonian given by Eqn. (5) can be written as
where γ is the grand angular quantum number.
For the present study we consider the hyper central potential V (x) as the hyper coulomb plus power (hCPPν) form given by [33, 34, 44] 
In the above equation the spin independent terms correspond to confinement potential in the hyperspherical co-ordinates. The form of the potential though hyper central, belong to a generality of potentials of the form −Ar α + kr ǫ + V 0 where A, k, α and ǫ are non negative constants where as V 0 can have either sign. There are many attempts with different choices of α and ǫ to study the hadron properties [45] . For example, Cornell potential has α = ǫ = 1, Lichtenberg potential has α = ǫ = 0.75. Song-Lin potential has α = ǫ = 0.5 and the Logarithmic potential of Quigg and Rosner corresponds to α = 0, ǫ → 0 [45] . Martin potential corresponds to α=0, ǫ = 0.1 [45] while Grant, Rosner and Rynes potential corresponds to α = 0.045, ǫ = 0; Heikkilä, Törnqusit and Ono potential corresponds to α = 1, ǫ = 2/3 [46] . Potentials in the region 0 ≤ α ≤ 1.2, 0 ≤ ǫ ≤ 1.1 of α − ǫ values are also been explored [47] . So it is important to study the behavior of different potential scheme with different choices of α and ǫ to know the dependence of their parameters to the hadron properties. The spin independent part of potential defined by Eqn.(9) corresponds to α = 1 and ǫ = ν. Here τ of the hyper-coulomb, β of the confining term and κ are the model parameters. The parameter τ is related to the strong running coupling constant α s as [33, 34] 
where b is the model parameter, 2 3 is the color factor for the baryon. The potential parameters treated here are similar to the one employed for the study of heavy flavour baryons [33, 34] . The strong running coupling constant is computed using the relation
where α s (µ 0 = 1GeV ) ≈ 0.6 is considered in the present study. The spin dependent part of the three body interaction potential of Eqn. (9) is taken as [33, 41] 
where, x 0 is the hyperfine parameter of the model.
The six dimensional radial Schrodinger equation described by Eqn. (8) has been solved in the variational scheme with the hyper coloumb trial radial wave function given by [43] 
The wave function parameter g and hence the energy eigen value are obtained by applying virial theorem for a chosen potential index ν.
The baryon masses are determined by the sum of the model quark masses plus kinetic energy, potential energy and the spin hyperfine interaction as
For the present calculations, we have employed the same mass parameters of the light flavour quarks (m u = 338 MeV, m d = 350 MeV, m s = 500 MeV) as used in [33] . We fix other parameters (b of Eqn.(10) and x 0 of Eqn. (12)) of the model for each choice of ν using the experimental center of weight (spin-average) mass and hyper fine splitting of the octet decuplet baryons. The procedure is repeated for different choices of ν and the computed masses of octet and decuplet baryons are listed in Table 1 and Table 2 respectively.
Magnetic moments of light baryons
Now the magnetic moment of the baryons are computed in terms of its quarks spinflavour wave function of the constituent quarks as
where
Here e i and σ i represents the charge and the spin of the quark constituting the baryonic state and | φ sf represents the spin-flavour wave function of the respective baryonic state as listed in [48] . Here, m i the mass of the i th quark in the three body baryon is taken as an effective mass of the constituting quarks as their motions are governed by the three body force described through the hCP P ν potential appeared in the hamiltonian 5. Accordingly, within the baryon the mass of the quarks may get modified due to its binding interactions with other two quarks. We account for this bound state effect by replacing the mass parameter m i of Eqn. (16) Table 3 and 4 respectively.
Radiative Decay Width
The radiative decays of baryons provide much better understanding of the underlying structure of baryons and the dependence on the constituent quark mass. Though the non-relativistic model of Isgur and Karl successfully predicted the electromagnetic properties of the low lying octet baryons but it fails to provide a good description of the radiative decay of the decuplet baryons [35, 50] . Thus, the successful prediction of the electromagnetic properties of octet baryons as well as the decuplet baryons become detrimental for all the phenomenological models. The radiative decay width of the baryons can be computed using the relation given by [44] Γ R = q The transition magnetic moments for for the transition is calculated using geometric mean of effective quark masses of decuplet and octet baryons as given by [49] 
The calculated transition magnetic moments are listed in Table 5 We also calculate the branching ratio
using the experimental total decay width Γ(Baryon) of the respective decuplet baryons. The computed values of radiative decay width and the branching ratio for different choices of the potential power indices are listed in Table 6 .
Results and Discussion
The masses of octet and decuplet baryons in the hypercentral coulomb plus power potential (hCP P ν ) model with the different choices of potential index ν have been studied. Fig.(1) and Fig.(2) show the behaviour of the predicted masses of the octet and decuplet baryons with the potential index ν in the range, 0.5 ≤ ν ≤ 1.5. The trend lines here show saturation of the masses beyond ν ≥ 1.0. The shaded regions in Fig.(1) and in Fig.(2) show the neighbour hood region of ν at which the predicted masses are having minimum root mean square deviation with the experimental masses. The computed magnetic moments of the octet and decuplet baryons are compared with the known experimental results as well as with other model predictions in Table 3 and 4 respectively. Present results for the choice of ν ≈ 0.7 are found to be in agreement with the known experimental values as well as with other model predictions. Here, it should be noted that the better agreement occur for the choice of ν (0.6 ≤ ν ≤ 0.7) slightly below the saturation region (ν ≥ 1) (See Fig.1 -4) . However the experimental measurements of decuplet states are difficult and the known values for the ∆ -baryons carry large errors [1, 2, 3] .
The available experimental results for the ∆ ++ are 4.5±0.95 and 3.5-7.5 are in very good agreement with our calculated magnetic moment 4.52 at ν = 0.7. The calculated magnetic moments for ∆ + , ∆ 0 , and Ω − are also in good agreement with experimental result while comparing with other theoretical models.
The behavior of the predicted magnetic moments of octet and decuplet baryons with potential index ν are shown in Fig.(3) and Fig.(4) respectively. The same satura- tion trends towards saturation beyond the potential index ν > 1.0 are observed. The shaded region in Fig.(3) corresponds to the region of ν (0.6 < ν < 0.7) for which the predicted octet baryon magnetic moments show minimum root mean square deviation with the experiments. The predicted magnetic moments of the decuplet baryons in the same region of ν (0.6 < ν < 0.7) are found to be closer to the existing experimental values of ∆ and Ω baryons.
As the octet magnetic moments are known experimentally, we calculate the percentage variations of the different model predictions with respect to the experimental values and are given in Table 7 for comparison. The present hCP P ν≈0.7 prediction for p, n, Λ, Σ + baryons are much better with lesser percentage error compared to other model predictions. And the average percentage variations from proton to Ξ − obtained from the Table 7 is about 8 % only, while that for the lattice predictions and that of χPT predictions is about 10 and 11 % respectively. It can also be seen that the predictions of QCDSR and PQM are having lower variations of about 4 % only.
The transition magnetic moments obtained from the present study (hCP P ν model) are in accordance with other theoretical predictions with much less variations with the choices of ν. However the experimentally known value for the transition magnetic moments of (3.23±0.1) ∆ 0 → nγ is higher than theoretical model predictions (see Table 5 ).
The parameter free predictions of the radiative decay width for ∆ → Nγ (N=n,p) transitions obtained here are in very good agreement with experiment compared to other model predictions (see Table 6 ). Prediction for other decuplet to octet radiative transitions are well within the experimental limits.
At the end, we like to point out important feature of the hCP P ν model is the saturation behaviour of the predicted properties of the baryons with ν > 1. Similar saturation behaviour was also observed in the mass predictions of the hCP P ν model in the heavy flavour sector [33] .
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